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AB3TBACT 

For  the  purpose  of  evaluating  the  resistance  of  doped  fabrics  to  the 
thermal  radiation  of  atomic  explo sices,  the  critical  thermal  energies  of 
several  doped  fabric  assemblies  submitted  by  the  Wright  Air  Development 
Center,  Department  of  the  Air  Force,  were  determined  by  exposing  the 
materials  to  the  Laboratory  carbon-arc  source  of  thermal  radiation  and 
examining  the  consequent  damage. 

The  carbon  arc  source  furniahec  a maximum  ir radiance  or  65  cal/ cm *■/ 
aeo  in  the  central  area  of  the  specimens  if  no  absorbing  screens  mere 
employed.  However,  However,  for  a better  approximation  of  the  Labora- 
tory exposure  time  to  that  obtained  in  the  field,  absorbing  screens  vers 
employed,  giving  effective  exposure  times  between  U.3  and  0.6  seconds. 
The  methods  of  expos  lire  and  evaluation  of  the  effective  damage  are 
indicated.  It  mas  found  that  the  assemblies  suffered  complete  destruc- 
tion at  radiant  exposures  ranging  from  L«?  to  213  cal/ cm2,  depending  on 
the  assembly  exposed.  Assemblies  employing  metal  foils  had  consider- 
ably hifjber  critical  energies  of  destruction  (55  to  213  cal/ am than 
the  other  experimental  assemblies  investigated,  (!*•!?  to  20  cal/cm2) . 
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Refi  (a)  CQMNIKNAVSHIPYD  ltr  C-S99/L5,  -Ser  C-960-92  of  1U  Mar  1950 
(b)  BUSHIPS  reatr  spdltr  S99-(o)(3li8)  Ser  3U8-75  of  6 Apr  1950 

Enclt  (l)  Critical  Thermal  Energies  of  Doped  Fabrics 

AUTHORITY 

1.  This  Investigation  is  part  of  the  program  proposed  by  reference  (a) 
and  formally  authorized  by  reference  (b).  The  general  Thermal  Radia- 
tion Program  is  under  the  supervision  of  the  Aimed  Forces  Special  Weapons 
Project. 

INTRODUCTION 

2.  As  part  of  its  general  program  on  the  effects  of  the  thermal  radia- 
tion of  atomic  explosions  on  material s,  the  Naval  Material  Laboratory  is 
evaluating  the  characteristics,  under  exposure  to  thermal  radiation,  of 
the  various  materials  of  particular  interest  to  the  several  agencies  of 
the  Department  of  Defense.  As  data  become  available,  these  findings  are 
published.  In  this  report,  the  critical  thermal  energies  of  doped 
fabrics,  submitted  by  the  Wright  Air  Development  Center,  Department  of 
the  Air  Force,  are  indicated. 

EQUIPMENT  AND  METHODS  OF  EXPOSURE 

3*  The  critical  thermal  energies  of  the  doped  fabrics  mere  determined, 
e^CLoying  the  Material  Laboratory  carbon-arc  source  of  thermal  radiation 
(Bibliography  1,2,3,]*).  The  source  consists  of  an  11-mm  carbon  arc, 
mounted  at  the  focus  of  a mirror  which  collimates  the  emitted  energy. 

A second  mirror,  Which  is  mounted  coaxially  at  a distance  of  12  feet  from 
the  collimator,  condenses  the  radiation  to  the  mirror's  focus.  Gradations 
of  thermal  damage  are  obtained  by  varying  the  effective  exposure  time  by 
accelerating  a sample,  1x8  inches  in  surface  dimensions,  moving  trans- 
versely through  the  focus.  Except  for  the  last  two  of  the  specimens,  the 
exposure  of  the  materials  was  made  by  fastening  them  to  glass  melamine 
blocks  provided  with  cut-outs  in  the  central  area  to  furnish  an  air  back- 
groun  In  order  to  reduce  propagation  of  flame  during  exposure  and  in 
order  to  secure  the  specimens  to  the  glass  melmine  block  serving  as  a 
base,  a glass  silicone  ma ak  with  several  stops  was  used  over  the  fabrics. 

RESULTS 

1*.  The  critical  thermal  energies  of  the  doped  fabrics,  submitted  by  the 
Wright  Air  Development  Center,  were  defined  as  those  Wiich  produce 
certain  characteristic,  reproducible  effects  on  the  materials,  such  as 
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destruction)  blistering  or  ignition.  These  exposures  were  obtained  with 
a carbon-arc  source  which  furnished  a maximum  irradianse  of  85  cal/cm2/ 
sec  in  the  central  area  of  the  specimens,  if  no  absorbing  screens  were 
employed.  However,  for  a better  approximation  of  the  laboratory  expo- 
sure time  to  that  obtained  in  the  field,  absorbing  screens  were  employed, 
giving  effective  exposure  tf-nes  of  300  to  600  milliseconds.  The  critical 
energies  are  given  on  enclosure  (l). 

5.  It  may  be  noted  that  the  laboratory  exposures  have  been  produced 
under  highly  controlled  conditions  and,  as  a rule,  give  results  which 
can  be  reproduced  very  well.  However,  for  several  reasons,  one  must  use 
the  data  of  enclosure  (l)  with  caution.  The  effects  to  be  observed  on 
material  samples  frequently  remain  unchanged  over  a considerable  range 
of  exposures.  Since  the  surface  effects  are  not  gradated  sufficiently 
for  refitted  evaluations,  only  the  initial  stages  have  been  recorded. 

The  effects  on  material  surfaces  are  influenced  by  such  factors  as  mount- 
ing, uniformity  of  material,  atmospheric  conditions  and  moisture  content. 
Differences  in  density,  absorption  coefficient,  chemical  composition  and 
particle  sice  are  responsible  for  the  variations  in  effects  which  may  be 
observed  from  area  to  area  on  the  same  material.  Liquids  and  gases  form 
during  exposure  to  thermal  radiation,  even  in  a period  of  less  than  one 
second,  thereby  affecting  the  amount  of  thermal  radiation  incident  on 
and  absorbed  by  the  surface. 


SDMMABT 

6.  The  results  of  this  investigation  indicate  that  upon  irradiation  by 
the  Material  Laboratory  carbon-arc  source  of  thermal  radiation  for  ex- 
posure times  of  300-600  milliseconds,  the  doped  fabric  assemblies, 
submitted  by  the  Wright  Air  Development  Center,  suffered  destruction  at 
radiant  exposures  ranging  from  1.9  to  11*6  cal/pmZ,  depending  upon  the 
assembly  exposed;  the  metallic,  vinyl  coated  specimen  was  destroyed  at 
213  cal/ cm 2.  However,  there  was  a marked  difference  between  the  fabric 
assemblies  with  and  without  metal  foils.  Assemblies  without  metal  foils 
were  destroyed  at  exposures  ranging  from  i*>9  to  20  cal/ cm 2,  but  doped 
fabrics  with  metal  foils  suffered  destruction  at  radiant  exposures  as 
high  as  5$  to  11*6  cal/cm2,  depending  on  the  specific  assembly  employed. 
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Critical  Thermal  Energies 
of  Experimental  Dope  Systems 
Sibfldtted  by 

The  Bright  Air  Development  Center 
(Exposures  of  30U  to  600  Milliseconds) 


i 


"i&DC 

Designation 

Materials  and 
Treatment 

Description  of  Effect 

(THE 

cal/ cm2 

A 

2 Spray  coats  MIL-D- 

5552  Dope  (Aluminum 
pignent  6 ox/ gal)  on 
Standard  Doped  Fabric 
Finish,  consisting  of 
2 brush  coats  and  2 
spray  coats  MIL-D- 

5553  Cellulose 
Nitrate  Dope 

Destruction  by  propa- 
gating flame  and 
afterglow 

U.9 

B 

1 Spray  coat  (1  ail) 
Silicone  coating  on 
Standard  Doped  Fabric 
Finish  (as  in  "A") 

Dulling  of  Surface 
Surface  blisters,  fab- 
ric chars  through 
Destruction  by  propa- 
gating flame  and 
afterglow 

U.9-6.2 

11 

13 

C 

2 Spray  coats  (1  1/2 
mil)  vinyl  coating  on 
Standard  Doped  Fabric 
Finish 

)*aint  carbonised  by 
slowly  propagating 
flame,  leaving  tum- 
escent but  flimsy  ash, 
fabric  chars  through, 
but  not  completely 
destroyed 

Destruction  of  fabric 
by  afterglow 

U.9 

12 

D 

1 3pray  coat  (1  mil) 
MIL-V-6893  varnish  cn 
Standard  Doped  Fabric 
Finish 

Surface  blisters 
Surface  coat  destroyed 
by  slowly  propagating 
flame,  fabric  chars 
through,  but  not  com- 
pletely destroyed 
Destruction  of  fabrioj 
by  afterglow 

7v3-8.Q 

9.1 

15 

~ Aluminum  foil  {0.001$*)  nates  aporadicallj,  • 

on  1 Spray  coat  MIL-C-  foil  melts  spora&i- 

E 1*003  (l  mil)  on  Stan-  cally,  fabric  backing 


dard  Doped  Fabric  chars  through 

Finish 


| 

! 


56-63 
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Critical  Thermal  Energies 
of  Experimental  Dope  Systems 
Submitted  By 

The  Wright  Air  Development  Center 
( Exposures  of  300*- to  600  Milliseconds) 


Materials  and 

cte: — 

Designation 

Treatment 

Description  of  Effect 

cal/cm* 

Aluminum  foil  (0.0025") 

Flames  sporadically. 

on  1 Spray  coat  MIL-C- 

foil  melts  sporadi- 

F 

UD03  (l  mil)  on  Stan- 

cally,  fabric  backing 

dard  Doped  Fabric 

chars  through 

146 

Finish 

Flames  sporadically. 

on  1 Spray  coat  MIL-C- 

foil  melts  sporadi- 

Q 

1*003  Ceaont  (l/b  nil) 

cally,  fabric  backing 

' 

on  Standard  Doped 

chars  throuf£i 

56 

Fabric  Finish 

i 

2 Spray  coats  MIL-D- 

Dulling  of  surface 

3.7 

5552'  Dope  (Aluninum 

Fabric  chars 

6.6  . 

pigment  6.0  ox/ gal)  on 

Destruction  of  fabric 

H 

2 brush  coats  and  2 

by  slowly  propagating 

spray  coats  MIL-D-55U9 

flame 

18-20 

Cellulose  Acetate 

Butynate  Dope 

Flames  sporadically. 

on  1 spray  coat  MIL-C- 

foil  melts  sporadi- 

I 

1*003  cement  (l  mil)  on 

cally,  fabric  backing 

CAB  Doped  Fabric 

chars  through,  dense 

j 

smoke  evolved 

112 

Vinyl  coating  (as  in 

Surface  chars 

t:b 

P)  on  1 dip  coat  and 

Flames  during  exposuxe 

31 

Paint  completely  car- 

J 

6869  Zinc  Chromate 

bonised,  base  metal 

Primer  on  0.016*  ano- 

exposed  on  slight 

dixed  magnesium  (CVAC#l)  scraping 

1*9 

Metal  completely  de- 

stroyed  by  violent 

reaction.  '.Leaving 

povdary  ash 

21^ 

1 Spray  coat  of  white 

Paint  fora s soft 

gloss  enamel  (Specif. 

blisters  and  chars 

7.5 

K 

KIL-&-7729)  over 

Fabric  chars  through 

16 

assembly  of  "A* 

Destruction  of  fabric 

by  slov&y  propagating 

flame 

19 
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Critical  '.Thermal  Eiergies 
of  Experimental  Dope  Systems 
Sutmitted  By 

The  Wright  Air  Development  Center 
(Exposures  of  300  to  600  Milliseconds) 


wSK 

Designation 

Materials  and 
Treatment 

Description  of  Effect 

C • £ • 

cui/'em^ 

(None) 
NML  #1 

Aluminm  (3  mil, painted) 
over  doped  fabric, 
mounted  on  l*n  metal 
shell  (5  vails) 

Charring  and  blister- 
ing of  paint 
Paint  destroyed 
Surface  flames  during 
exposure 

Charring  and  destruc- 
tion of  fabric  under 
metal  foil 

Melting  of  metal  foil 

Hi 

21*- 27 
.31* 

37-51* 

55-62 

(None) 

Aluminum  (3  mil,  un- 
painted) over  doped 

Charring  of  fabric 
under  metal  foil 

1*0-61* 

NML  #2 

fabric,  mounted  on 

Destruction  of  fabric 

U*  metal  shall 2 

under  metal  foil 

66-108 

(5  walls) 

Flame  development 
during  exposure 
.Sporadic  melting  of 
metal  foil 

108 

9U-123 
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DISTRIBUTION  LIST  NO.  100 
Thermal  Radiation  Reports 

(Research)  20  May  1953 


ADDRESSEE  AftMT  No.  of  Cys 

Asst  Chief  of  Staff,  0-2,  D/A,  Washington  25,  D.  C.  1 

Asst  Chief  of  Staff,  0-3,  D/A,  Washington  25,  D.C,  ATTN:  DSC,Q-3(RRASW)  1 

Asst  Chief  of  Staff,  Q-U,  D/A,  Washington  23,  D.  C.  1 

Chief  of  Ordnance,  D/A,  Washington  25,  D.  C.,  ATTN:  ORDTX-AR  1 

Chief  Signal  Officer,  D/A,  P&O  Div,  Washington  25,  DC,  ATTN:  SIQOP  3 
The  Surgeon  General,  D/A,  Washington  2$,  DC,  ATTN:  Chairman,  Med  RAD  Si  3 
Chief  Chemical  Officer,  D/A,  Washington  25,  D.C.  2 


Chief  of  Engineers,  d/A,  Military  Construction  Div,  Protective 
Construction  Br,  Washington  23,  DC,  ATTN:  ENQEB 

Chief  of  I&gineers,  D/A,  Civil  Works  Div,  Washington  25,  DC,  ATTN: 


Engineering  Div,  Structural  Br  1 

The  Quartermaster  Qeneral,  CBR,  Liaison  Office,  R&D  Div,  D/A, 

Washington  25,  D.  C.  2 

Chief  of  Transportation,  Mil  Planning  & Intelligence  Division, 

Bldg  T-7,  Washington  25,  D.  C.  1 

Chief,  Army  Field  Forces,  Fort  Monroe,  Virginia  k 

Army  Field  ftrces  Board  #1,  Ft.  Bragg,  North  Carolina  1 

Army  Field  Forces  Board  #U>  Ft.  Bliss,  Texas  ■*- 


Commanding  Qeneral,  First  Army,  Governor's  Island,  New  Toxic  U,  NT, 


ATTN:  o-l  1 

0-2  1 

0-3  1 

Q-U  1 


Comuandlng  General,  Second  Army,  Ft.  George  0 Meade,  Md,  ATTN:  AIAHB  1 

AIABD  1 

Com  anting  General,  Third  Army,  Ft.  McPherson,  0°  > ATTN:  ACofS,  0-3  2 
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Commanding  Genera}.,  Fbtorth  Arm y,  Ft.  Sam  Houston,  Tex,  ATTN:  G-3  1 

Commanding  General,  Firth  Army,  1660  E.  Hyde  Park  Blvd,  Chicago  15, 

111.  ATTN:  ALFEN  1 

ALFOR  1 

Commanding  General,  Sirrth  Army,  Presidio  of  San  Francisco,  Calif, 

ATTN:  AMGCT-U  1 

Conmander- in-Chief,  Far  East  Command,  APO  500,  c/o  FM,  San  Francisco, 
Calif,  ATTN:  ACofS  , J-3  2 

Commanding  General.  U.S  . Army  Forces  Far  East  (Main)  APO  3U3>  c/o  FW,' 

San  Fir  an  cisco,  Calif,  ATTN:  ACofS,  G-3  3 

Commanding  General,  U&UR  Alaska,  APO  9U2,  c/o  FM,  Seattle,  Washington  1 

Commanding  General,  USifRCAJRIB,  APO  83U,  c/o  FM,  New  Orleans,  La., 

ATTN:  CG,  USARCARIB  1 

OG,  USARFANT  1 

Cfiill  Off,",  USARCARIB  1 
Surgeon,  USARCARIB  1 

Conmanding  General,  USA3PACIFIC,  APO  958,  c/o  !M,  San  Frtncisco,  Calif, 

ATTN:  Cml  Off  2 

Commandant,  Command  & General  Staff  College,  Ft.  Leavenworth,  Kan, 

ATTN:  ALLIS(AS)  1 

Commandant,  The  Infantry  School,  Ft.  Benning,  Ga.,  ATTN:  C.D. S.  2 

Commandant,  The  Artillery  School,  Ft.  Sill,  Oklahoma  1 

Commandant,  The  AAACM  Branch,  The  Artillery  School,  Ft.  Bliss,  Texas  1 

A 

Commandant,  The  Armored  School,  Ft.  Knox,  ATTN:  Class  Doc  Sect, 

Eval  & Res  Div.  2 

Commanding  General,  MedLcal.  Field  Service  School,  Brooke  Amy  Medical 
Center,  Ft.  Sam  Houston,  Texas  1 

Surgical  Research  Unit,  Brooke  Arny  Hospital,  San  Antonio,  Tex  1 

Conxnandant,  Army  MedLcaL  Service  Graduate  School,  Walter  Reed  Army 
Medical  Center,  Washington  25,  DC,  ATTN*  Dept  of  Biophysics  1 

The  Superintendent,  U3U»,  Vfcst  Point,  NT,  ATTN:  Prof  of  Ordnance  1 


